BALOUNOVÁ MARTA, VACULOVÁ KATEŘINA, HLOŽKOVÁ LENKA, MIKULÍKOVÁ RENATA, EHRENBERGEROVÁ JAROSLAVA: The eff ect of the changed amylose and amylopectin ratio on the selected qualitative parameters in spring barley (Hordeum vulgare L.) grain. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 3, pp. 577-585 In 2008-2011, grain yield and chemical composition were assessed in a set of spring barley genotypes with standard and changed amylose/amylopectin ratio (non-waxy and waxy, respectively) at two locations (Kroměříž, Žabčice). Genotypic as well as environmental eff ects were important for the variations in contents of chemical compounds. The waxy genotypes had statistically signifi cantly higher levels of -glucans and protein (6.9% d.m., 12.1% d.m., respectively) than genotypes with the standard starch character (5.4% d.m., 11.5% d.m., respectively). The hull-less waxy genotype KM2619.413.4 was statistically signifi cantly diff erent from all other genotypes in the set due to its highest content of -glucans (10.80% d.m.). We found statistically signifi cant diff erences between genotypes divided by the type of grain (hulled vs. hull-less) and also by the starch character (standard vs. waxy) in average starch contents as follows: hull-less genotypes with the standard starch composition (64.8% d.m.) > hull-less waxy genotypes (63.7% d.m.) > hulled genotypes with standard starch composition (61.4% d.m.) > hulled waxy genotypes (60.0% d.m.).
In 2008-2011, grain yield and chemical composition were assessed in a set of spring barley genotypes with standard and changed amylose/amylopectin ratio (non-waxy and waxy, respectively) at two locations (Kroměříž, Žabčice). Genotypic as well as environmental eff ects were important for the variations in contents of chemical compounds. The waxy genotypes had statistically signifi cantly higher levels of -glucans and protein (6.9% d.m., 12.1% d.m., respectively) than genotypes with the standard starch character (5.4% d.m., 11.5% d.m., respectively). The hull-less waxy genotype KM2619.413.4 was statistically signifi cantly diff erent from all other genotypes in the set due to its highest content of -glucans (10.80% d.m.). We found statistically signifi cant diff erences between genotypes divided by the type of grain (hulled vs. hull-less) and also by the starch character (standard vs. waxy) in average starch contents as follows: hull-less genotypes with the standard starch composition (64.8% d.m.) > hull-less waxy genotypes (63.7% d.m.) > hulled genotypes with standard starch composition (61.4% d.m.) > hulled waxy genotypes (60.0% d.m.) . Genotypes with elevated grain constituents (higher starch and BG contents) could be important from the point of a prospective use of barley for food production as was already found for example in the hulless waxy genotypes KM2645.412.3.4.6 (63.7% and 8.0%, respectively) and KM2551.469.1-2 (64.1% and 7.0%, respectively).
waxy, -glucan, arabinoxylans, new breeding genotypes Barley (Hordeum vulgare L.) is an ancient cereal traditionally used for malting and in food and feed industries all over the world. In recent years, its almost forgotten nutritional qualities have been rediscovered. Mixed-linkage -glucans are unique to the cell walls in grasses (Poaceae). Barley and oat (Avena sativa L.) grains have relatively high (l3),(14)--D-glucan concentrations when compared to other cereals. Typically, three to six percent of (l3),(14)--D-glucan is accumulated in barley kernel, but higher concentrations are present in some genetic resources (CORY et al., 2012) . Approximately 75% of (l3),(14)--D-glucans occur in the endosperm, and the remaining 25% in the aleurone layer. -glucans together with arabinoxylans belong to the group of non-starch polysaccharides (NEWMAN & NEWMAN, 2008) . The levels of -glucans and arabinoxylans are infl uenced by both genetic and environmental factors; the genetic factors appear to be of greater importance (ZHENG et al., 2011) . Actual levels of -glucan may diff er dramatically between barley varieties. The amount of (l3),(14)--D-glucan accumulated in grains is a major factor determining the end-use of barley. Low (l3),(14)--D-glucan barley is preferred by the feed, malting and brewing industries. For human nutrition, (l3),(14)--Dglucan has become a desirable food ingredient due to its cholesterol-lowering properties, it reduces the risk of cardiovascular disease (HANG et al., 2007) , blood pressure (BEHALL et al., 2006) , glucose and insulin responses (NILSSON et al., 2006) , lowers the risk for type 2 diabetes (CHEN & RAYMOND, 2008) and controls body weight and prevents obesity (SHIMIZU et al., 2008; EL KHOURY et al., 2012) . Food processing of barley grain is much easier if forms with hull-less grain are used.
Barley starch is primarily composed of two forms of carbohydrate polymers, amylose and amylopectin. The amylose and amylopectin ratio in the barley endosperm is an important grain characteristic aff ecting malting, food, and feed quality (SWANSTON et al., 1995) . The three groups of barleys have been identifi ed depending on the ratio of these components: "waxy" (low amylose), standard (the ratio of amylose and amylopectin ~ 1:3) and "high-amylose" barleys. The recessive wax gene located on chromosome 7HS controls the waxy endosperm character (NAKAO, 1950) . The waxy barley genotypes with changed amylose and amylopectin ratio tend to increased levels of (l3),(14)--Dglucan in the grain compared to barley genotypes with the standard starch character. The methods of molecular genetics allow selection of the desired recessive materials from early generations a er crossing. DOMON et al. (2002) detected insertion/ deletion polymorphisms in the waxy locus and suggested molecular marker (p-197 and p+606) for the detection of the presence of three diff erent waxy alleles (waxy, Waxy and novel Waxy) aff ecting barley starch composition in the barley grain endosperm. This molecular marker can be used in molecular assisted selection (MAS) for a simple selection of genotypes with a reduced portion of amylose.
In the present study, hulled and hull-less spring barley breeding genotypes with the genetically determined presence of waxy recessive allele were investigated for their agronomic characteristics and chemical composition of the grain. The aim of this study was to search for new barley genetic resources with high (l3),(14)--D-glucan levels and improved agronomic parameters.
MATERIALS AND METHODS

Experimental material
Altogether 50 own spring barley breeding genotypes (developed on the basis of hybridization with Canadian hull-less waxy barley varieties CDC Candle, HB 803 and Merlin in the Agricultural Research Institute Kroměříž, Ltd.) were studied. Xanadu was used as the control variety. A set of breeding genotypes included 4 hulled genotypes with the standard amylose/amylopectin ratio, 6 hulled genotypes with starch waxy character, 10 hull-less genotypes with the standard amylose/ amylopectin ratio and 30 genotypes with starch waxy character (Tab. I).
Field experiments
Experimental genotypes were grown in the fi eld plots of 10 m 2 (yield trials, two replications) a er oilseed rape as a previous crop at two locations in 3-4 cultivation years (Kroměříž 2008 (Kroměříž -2011 (Kroměříž , Žabčice 2009 (Kroměříž -2011 . The standard crop management practice for spring barley was used. The grain yield (in t/ha) and thousand kernel weight (TKW in g) were calculated a er harvesting and is set at 14% moisture. Grain yield was determined from unsorted grains. Separated grains above 1,8 mm sieve for hull-less genotypes and above 2,2 sieve for hulled genotypes were used for determination of TKW and chemical analyses.
Chemical analysis
Total (l3),(14)--D-glucan content (BG) was determined enzymatically using a Mixed-Linkage -Glucan Assay procedure: McCleary Method (Megazyme Int. Ireland Ltd., Bray, Wicklow, Ireland). In brief, milled barley samples were suspended and hydrated in a sodium phosphate buff er solution of pH 6.5 and incubated with purifi ed lichenase enzyme. The glucose produced was then analyzed using a glucose/peroxidase reagent.
The spectrophotometric method by DOUGLAS (1981) was used for the determination of arabinoxylan content (AX). This method is based on the hydrolysis of arabinoxylans to pentose sugars, which then react with fl oroglucinol.
The content of crude protein (further only protein) was determined by the Dumas method (ICC Standard Method No. 167) . The nitrogen detected a er combustion of each sample was converted into nitrogenous substances by multiplying by a conversion factor of 6.25.
A er the hydrolysis of starch with hydrochloric acid, starch content was determined by Ewers method (EN ISO 10520, 1999) .
The water content in the samples was determined by CSN EN ISO 712 (2010) . All results of chemical analyses are reported as % on dry basis (d.m.).
Statistical analysis
Experimental data were assessed using STATISTICA so ware, version 10.0 (StatSo , Inc., Tulsa, Oklahoma, USA). The variation coeffi cient was determined as a rate of variability (in %). Analysis of variance (main components) was used to assess the eff ect of individual factors on variability of the observed parameters. The averages were compared by division into homogenous groups (HG) using generalization of Turkey's test to the case of unequal samples sizes at a signifi cance level  = 0.05 (i.e. unequal n HSD test). Mutual relationships between the observed characters were evaluated by using the correlation.
RESULTS AND DISCUSSION
According to the results of ANOVA, genotype and cultivation year aff ected all observed parameters statistically signifi cantly. The location infl uenced grain yield, TKW, protein and BG contents (Tab. II).
Diff erences between cultivation years were found for all the studied characters except BG content, while the eff ect of location (Kroměříž or Žabčice) was statistically signifi cant only for grain yield and content of protein (Tab. III). The group of hullless genotypes had statistically signifi cantly lower average yield (5.0 t/ha) than the hulled genotypes (5.7 t/ha). The average value of TKW was also statistically signifi cantly lower in the group of hullless (40.8 g) than in the hulled genotypes (41.7 g).
Previous studies reported that these reduced values of grain yield and TKW were partly caused by the absence of the hull in the hull-less genotypes (BARABASCHI et al., 2012 , DICKIN et al., 2012 because the hull comprises from 10% to 13% of barley dry matter (BHATTY, 1999) . The hulled and hull-less barley genotypes of the set also statistically diff ered in their average contents of all studied grain constituents. The waxy genotypes had statistically signifi cantly lower average values of grain yield (4.9 t/ha) and TKW (4.3 g) than those with the standard starch character (5.7 t/ha and 43.8 g). However, they also had higher levels of BG and protein (6.9% d.m., 12.1% d.m., respectively) than genotypes with the standard starch character (5.4% d.m., 11.5% d.m., respectively).
I: List of the studied genotypes
II: The eff ect of the individual factors on variability of the studied parameters
The most variable parameter in the set of spring barley genotypes was grain yield, its coeffi cient of variation ranged from 10.8% (KM2640.411.7.2) to 53.6% (KM2619.413.4). These high levels of the coeffi cient of variation were probably caused by large diff erences between years (Fig. 1) . Although the average yields had a large range of values (2.8-6.2 t/ha), no statistically signifi cant diff erences between genotypes were revealed (Tab. IV).
Genotypic as well as environmental eff ects were important for the variations in contents of chemical (Kroměříž, Žabčice, 2008 (Kroměříž, Žabčice, -2011 1: Overview of weather conditions (Kroměříž 2008 (Kroměříž -2011 (Kroměříž , Žabčice 2009 (Kroměříž -2011 The observed interval of starch contents measured (from 58.01% d.m. to 66.33% d.m.) were in agreement with those previously reported by HELM & FRANCISCO (2004) . We found statistically signifi cant diff erences between genotypes divided by the type of grain (hulled vs. hull-less) and also by the starch character (standard vs. waxy) in average starch contents as follows: hull-less genotypes with the standard starch composition (64.8% d.m.) > hull-less waxy genotypes (63.7% d.m.) > hulled genotypes with standard starch composition (61.4% d.m.) > hulled waxy genotypes (60.0% d.m.), (Tab. IV). EHRENBERGEROVÁ et al. (2003) found in their set of waxy and non-waxy genotypes signifi cantly higher starch content in the standard varieties than in the waxy types. Based on the correlation analysis (Tab. V) statistically highly signifi cant, nevertheless low negative correlation was found between starch and protein contents, both in waxy genotypes (r = −0.30***) and also in genotypess with a standard starch composition (r = −0.24*). This negative correlation was also found by the authors HARTMAN et al. (2010) ETICHA et al. (2010) . Our results are in accordance with the claim that barley genotypes with altered ratio of the main starch polysaccharides (amylose and amylopectin) tend to higher BG contents in the grain (FAUSTNAUGHT et al., 1996 , HANG et al., 2007 BAIK & ULLRICH, 2008 and others) . Numerous studies have also found a higher content of BG in hull-less barley compared to hulled barley (BHATTY, 1999; IZYDORCZYK et al., 2000; WIRKIJOWSKA et al., 2012) .
III: Diff erences between average values of examined characters of locations and years
This tendency was also recorded in our study; the hull-less genotypes had statistically signifi cantly higher average BG content (6.62% d.m.) than the hulled genotypes (5.85% d.m.). The hull-less waxy genotype KM2619.413.4 was statistically signifi cantly diff erent from all other genotypes in the set due to its highest content of BG (10.80% d.m.). However, this genotype also had the lowest yield (by 55% compared with the average of the set). No eff ects of the growing year and location on the BG content were found. However, some research papers (MORGAN & RIGGS, 1981; SWANSTON et al., 1997; SWANSTON & ELLIS, 2002) reported that the total BG content increased when plants were grown under hotter and drier conditions. In our study, we found a negative correlation between starch and BG contents (r = −0.38***), but only in waxy genotypes. Genotypes with elevated grain constituents (higher starch and BG contents) could be important from the point of a prospective use of barley for food production as already found for example in the hulless genotype KM2645.412.3.4.6 (Tab. IV, No. 30) .
The hull-less genotypes had statistically signifi cantly lower content of AX (4.47% d.m.) than the hulled genotypes (5.80% d.m.), but the diff erences between waxy and standard genotypes in AX content were not found. This is in accordance with fi ndings of GUPTA et al. (2010) that the presence of the waxy gene in barley does not aff ect the increase of the AX content as in the case of BG. The genotype and the growing year also aff ected AX content signifi cantly (Tab. III). The infl uence of both genetic and environmental factors on the AX content was described by HOLTEKJKØLEN et al. (2008) . Some previous studies focused mainly on malting spring barley genotypes reported statistically signifi cant negative relationship between the levels of BG and AX in the grain (BŘEZINOVÁ-BELCREDI et al., 2009; VACULOVÁ et al., 2011) . Results achieved in our research confi rmed this relationship only in genotypes with standard starch composition (r = −0.27**); in waxy genotypes, no important correlation was recorded. In both groups (waxy, standard) a signifi cant negative correlation between AX and starch contents (r = −0.51***; r = −0.57***, respectively) was found.
CONCLUSION
New selected waxy genetic resources are a possible source of -glucans in health-promoting food products. 
SUMMARY
A total of 51 spring barley genotypes with genetically identifi ed allele of the waxy gene (changed amylose/amylopectin ratio) were grown in the fi eld plots of 10 m 2 (yield trials, two replications) a er oilseed rape as a previous crop at two locations (Kroměříž and Žabčice) in the period of 2008 (only in Kroměříž) -2011. The grain yield (in t/ha) and thousand kernel weight (TKW in g) were calculated a er harvest. Contents of starch, crude protein, -glucans and arabinoxylans were determined using chemical analyses. The eff ects of the genotype, growing location (Kroměříž, Žabčice), year (2008) (2009) (2010) (2011) , type of grain (hulled vs. hull-less) and starch character (standard, waxy) on individual characters were studied. The aim of this project was to search for new barley genetic resources with high genotypic (l3),(14)--D-glucan levels and improved agronomic parameters. Genotypic as well as environmental eff ects were important for the variations in contents of chemical compounds, grain yield and thousand kernel weight. We found statistically signifi cant diff erences between genotypes classifi ed by the type of grain (hulled vs. hull-less) and starch character (standard vs. waxy) in average starch contents: hull-less genotypes with standard starch composition (64.8% d.m.) > hull-less waxy genotypes (63.7% d.m.) > hulled genotypes with standard starch composition (61.4% d.m.) > hulled waxy genotypes (60.0% d.m.). The waxy genotypes had statistically signifi cantly lower average values of grain yield (4.9 t/ha) and thousand kernel weight (4.3 g) than those with standard character of starch (5.7 t/ha and 43.8 g). They also had higher levels of -glucans and protein (6.9% d.m., 12.1% d.m., respectively) than the genotypes with standard starch character (5.4% d.m., 11.5% d.m., respectively) . No diff erences between waxy and standard genotypes in arabinoxylans contents were found. New selected waxy genetic resources were transferred to the Collection of Genetic Resources of Spring Barley maintained at the Genebank in the Czech Republic.
